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THE SUITABILITY OF STABILIZED SOIL 
FOR BUILDING CONSTRUCTION 


I. INTRODUCTION 


1. Object of Investigation—Soil is one of the most abundant ma- 
terials available throughout the world. This fact along with the 
demand for local construction material led to this investigation on the 
suitability of soil for use as a building material. Climatic conditions 
in most parts of the world make it necessary to treat the soil to make 
it durable. In this investigation emulsified asphalt has been used for 
this purpose. 


2. Emulsified Asphalt—This is an emulsion of asphaltic cement 
and water containing a small amount of emulsifying agent. (Emul- 
sions are heterogeneous systems containing two normally immiscible 
liquid phases, one of which is dispersed as fine droplets or globules in 
the other.) 

There are many types of asphaltic emulsions and great care must 
be exercised in selecting the proper one for the particular job at hand. 
Care must also be exercised in handling asphaltic emulsions. When- 
ever the balance in the proportion of asphalt to water is upset the 
emulsion will “break,” or the asphalt settles out and cannot be gotten 
into solution again. This balance may be upset by stirring with a 
board that will take up water, by freezing, or by evaporation of the 
water. Some emulsions break more easily than others, therefore they 
are classified as fast-, medium-, or slow-breaking emulsions. 


3. Acknowledgments.—This investigation is a part of the research 
program of the Engineering Experiment Station of the University of 
Illinois, of which Dean M. L. ENcer is the director, and of the Depart- 
ment of Civil Engineering, of which Professor W. C. HUNTINGTON is 
the head. The work was carried on in the Talbot Laboratory, as a 
graduate research problem, by the author under the supervision of 
Professor J. S. CranpEtu of the Civil Engineering Department. Pro- 
fessor E. E. Bauer granted the use of his laboratories and facilities 
and the testing equipment was made available by Professor W. M. 
Witson and Professor FRANK E. RICHART. 


~] 


8 ILLINOIS ENGINEERING EXPERIMENT STATION 


600 i 


- 


/2 Days 
2 CaQllary 


Soll No./, Hard Compacted 
684% 200-Mesh Marer/a/ 


0 


0 ey /0 1S 20 BS 30 
Stabilizer Cornteryt ir Per Cert of 200-Mesh Matertal 


Fic. 1. Errecr or STABitizeER ON COMPRESSIVE STRENGTH 


II. CoMPRESSIVE STRENGTH AND STABILITY 


4. Effect of Asphalt—The compressive strength of a dry soil block 
is increased by the addition of a small amount of emulsified asphalt, 
but it decreases after a certain amount is added. This is shown in 
Fig. 1. When the same specimen is allowed to absorb water the com- 
pressive strength imcreases with the increase in stabilizer content. 
Other tests indicate that a stabilizer content of 20 to 30 per cent of 
the 200-mesh content is most desirable. 


5. Effect of 200-Mesh Content.—A range in compressive strength 
from 225 to 850 lb. per sq. in. was obtained by varying the percentage 
of 200-mesh material from 20 to 80, as shown in Fig. 2. The varying 
percentage of 200-mesh content was obtained by the addition of sand 
which passed the No. 4 and was retained on the No. 14 screen, or by 
adding 200-mesh material obtained by dry screening. 

Figure 3 shows that stability varies as the percentage of 200-mesh 


material varies. A 200-mesh content of 20 to 30 per cent is most 
desirable. 
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TABLE 1 2 
Errecr or AGGREGATE Sizp ON COMPRESSIVE STRENGTH 


Size of Aggregate y 
Average Compressive 


Strength 
Passed Sieve Retained on Sieve lb. per sq. in. 
No. No. 
VAD 4 188 
4 14 252 
14 48 486 
48 262 


6. Aggregate Gradation—A preliminary test using different sizes 
of aggregates shown in Table 1 indicates that size of aggregate is 
important. 

Tests made using the various aggregate gradations shown in Table 
2 indicate that aggregate gradation is important when high compressive 
strength is desirable. The specimens tested were two inches in diameter 
and four inches high. Although it is impractical to grade the aggregate, 
care can be taken to use aggregate within a reasonable maximum and 
minimum size range. The results indicate that 95 per cent of the 
aggregate should pass a %-inch sieve, and not more than five per cent 
should pass a 100-mesh sieve. Table 3 summarizes these results. Bank 
run gravel is very satisfactory for use if a high percentage of it passes 
a %4-inch sieve. 


7. Ramming, Moisture Content, Weight—The density of a soil 
block or its weight depends on the amount of ramming and moisture 
content when molded. Only enough water should be used in mixing to 
assure thorough distribution of stabilizer when blocks are molded im- 


TABLE 2 
AGGREGATE GRADATION FOR COMPRESSION TESTS 


Scre 
Sine. Percentage Retained on Each Screen 

1g-in. 0 0 0 0 0) 0 0 0 0 0 0 0) 
3¢-in 15 10 5 0 159 10 5 0 15 10 5 0 
No. 4 5 4) 5 5 2.5 25/5) 25) 2.5 0 0 0 0 
No. 14 35 40 45 50 20 25 30 35 5 10 15 20 
No. 48 40 40 40 40 45 45 45 45 50. 50 50 50 
No. 100 5 5 5 5 Vie is) 1330) Vero TSO 22 22 22 22 
Pan 0 0 0 0 4 4 4 4 8 8 8 
Specimen il 2, 3 4 5 6 7 8 9 10 itil 12 
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TABLE 3 
Summary or Errecr or AGGREGATE GRADATION ON COMPRESSIVE STRENGTH 


' Fi Compressive Moisture Content 
Specimen No. Mode Strength at Molding 
. per sq. in. per cent 
1 2.85 376 Teall 
2 2.75 360 8.95 
3 2.65 600 Marl 
4 2/55 468 4.9 
5 2eb2 305 8.35 
6 2.38 275 8.8 
7 2.28 277 8.3 
8 2.18 264 8.95 
9 Dele 241 9.6 
10 2.02 206 9.3 
11 1.92 228 8.95 
12 ,l582 220 8.75 


mediately. When the mix is soft enough to slump it should be allowed 
to dry somewhat before molding. The most satisfactory moisture con- 
tents for ramming and molding are from seven to nine per cent; 
higher moisture contents are satisfactory when maximum strength is 
not required. The advantage of using mixes with higher moisture 
content is that less labor is required; disadvantages are less strength 
and greater shrinkage. 

If rammed construction is employed instead of block construction 
the low moisture mixes must be used to reduce the shrinkage as much 
as possible. 

The weight of stabilized soil varies with the percentage of 200-mesh 
material and the percentage of stabilizer. For 25 per cent of 200-mesh 
material and five per cent of stabilizer the weight per cubic foot is 
between 125 and 135 pounds. 


8. Various Emulsions —Stability tests on seven different emulsions 
gave values from zero to more than 10 500 lb. per sq. in. Fast-break- 
ing emulsions are unsatisfactory for this type of work. Slow-breaking 
emulsions allow more time in mixing and molding, and are more certain 
for the average person to use. However, of the different emulsions 
used by the author only one was entirely satisfactory. This means 
that even though two emulsions have the same specification they may 
not give similar results. The relation of stability and absorption 1s 
shown in Fig. 8. 


9. Curing Temperature—A range of curing temperatures from 70 
to 175 deg. F. had no apparent effect on the stability. All specimens 
tested 10 500 Ib. per sq. in. or over. Although no compressive strength 
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Fig. 4. WALL In Testinc MAcHINE 


tests were made the stability and absorption results indicate that any 
drying temperature above freezing is satisfactory for curing stabilized 
soil. 


10. Wall Section Tests—The results of loading three wall sections 
as shown in Fig. 4 are given by the curves in Fig. 5. These walls were 
four feet high, 32 inches long, and eight inches thick. The blocks were 
8 in. x 8 in. x 16 in., and were laid in stabilized soil mortar of the same 
mix except that only fine sand was used as aggregate. The maximum 
loads carried by these walls were 195, 165, and 175 lb. per sq. in., 
respectively. 


11. Flocculating and Deflocculating Agents ——Mixing regular 20- 
minute plaster with stabilized soil may have some possibilities for 
interior plastering where an early set is required, or where conditions 
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require early handling of blocks. Five per cent of plaster gives an 
early set and has no effect on the stability. More water is required 
during mixing, however. 

Other agents such as sodium carbonate, sodium oxalate, and sodium 
silicate, when mixed separately, will give the same working consistency 
with about 25 per cent less water, but lower the stability and have no 
beneficial effect. The effect on absorption is given in Section 19. 


12. Various Soils—The stabilities of all the soils tested were 
over 10 000 Ib. per sq. in. when the 200-mesh content was below 30 
per cent, and when the same stabilizer was used in equal amounts. 
Table 4 indicates that various soils do have different compressive 
strengths even though the 200-mesh content and percentage of sta- 
bilizer is constant. 
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TABLE 4 


CoMPRESSIVE STRENGTH OF VARIOUS Sorts 
(Stabilizer Content—20 per cent of 200-Mesh) 


x 


: Percentage of 200-Mesh Material Conor 
i Strength 
Soil No. ath 
Original Soil Test Specimen Ib. per sq. in. 
20 250 
68.4 30 365 
40 600 
: the 25 328.5 
20 408 
oo 30 669 
40 490 
ne 25 251.5 


Ill. Durasinity 
A. Absorption 


13. Effect of Stabilzer—tThe curves in Fig. 6 show that an increase 
in stabilizer content lowers the absorption. Other tests indicate that 
an amount of stabilizer equal to 20 percent of the 200-mesh content 
is sufficient for stabilizing the majority of soils. 


14. Effect of 200-Mesh Content—Absorption depends not only 
upon the amount of stabilizer used but also upon the 200-mesh con- 
tent of the soil. Figure 7 shows that 20 to 30 per cent content of 
200-mesh material in a soil will give much less absorption than con- 
tents of 40 per cent and over, even though the amount of stabilizer is 
increased proportionately. 


15. Various Emulsions —The percentage absorption of stabilized 
soil varies widely with different emulsions, as shown in Fig. 8. The 
same amount of emulsion was used in each case, and the results there- 
fore indicate either that some emulsions are not satisfactory, or that 
more emulsion is needed to obtain low absorption. This would increase 
the cost even though good stabilization was obtained. 


16. Aggregate Gradation—The gradations tested had very little 
effect on absorption. Table 2 gives the gradations used. The percent- 
age absorption for cylinders two inches in diameter and four inches 
high is given in Table 5. All specimens contained 25 per cent 200-mesh 
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material and an amount of stabilizer equal to 20 per cent of the 
200-mesh material. The values given are averages of three specimens 
after seven days in the absorption box. These results indicate that 
bank run gravel within the size range used in these tests is satisfactory. 


17. Curing Temperature.—Specimens cured at from 130 to 140 deg. 
F. show least absorption, and temperatures as high as 175 deg. F. give 
better results than those below 100 deg. Under ordinary conditions 
however, the expense of kiln drying would not be justifiable. Table 6 
shows the average absorption of 3 specimens after 7 days in the 


capillary absorption box. 


TABLE 5 
EFrrect oF GRADATION ON ABSORPTION 


Absorption 
per cent 


Absorption 


per cent Specimen No. 


Specimen No. 


0.60 | 7 

0.54 8 0.66 
0.55 
0.65 i| 
0.53 1 
0.60 | 1: 


rewhe 


STABILIZED SOIL FOR BUILDING CONSTRUCTION ile 


TABLE 6 


EFFECT oF CurING TEMPERATURE 
on ABSORPTION 


Curing Temperature Absorption 
deg. F. per cent 
70 2.16 
130 1.59 
140 Le22 
175 1.60 


18. Various Soils—Even though each soil is mixed with enough 
sand to reduce the percentage of 200-mesh material to a certain 
amount and the same amount of stabilizer is used in each case, the 
amount of absorption will vary for different soils. Tests on four soils 
are recorded in Table 7. 


19. Flocculating and Deflocculating Agents—Tests on specimens 
containing an amount of sodium carbonate which gave the best work- 
able mix, or 0.1 per cent showed increased absorption. Three specimens 
averaged 3.72 per cent absorption, while specimens containing 5 per 
cent of 20-minute plaster averaged 5.13 per cent, and specimens con- 
taining a combination of plaster and sodium carbonate averaged 8.52 
per cent. The average for specimen containing only the stabilizer was 
1.8 per cent. The resulting increase in workability does not justify the 
addition of sodium carbonate even where absorption is not a limiting 


factor. 
B. Freezing and Thawing 


20. Stabilizer Content—An accelerated test for freezing and thaw- 
ing can be made by placing the specimen in the absorption box for one 


TABLE 7 
ABSORPTION OF VARIOUS SOILS 


Percentage of 200-Mesh Material 


] 
° | Absorption 
Soil No. | per cent 
Original Soil Test Specimen | 
1 68.4 25 | 7.6 
2 | 92.5 25 4.9 
| 
3 99.0 25 (G89) 
4 : 
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(a) 


(b) 


SPECIMENS FOR FREEZING AND THAWING TEST 


(a) Frost on Specimens as They Are Removed from Refrigerator 
(b) Frost Removed to Show Condition of Specimens 


Stabilizer content (from left to right) is 15, 20, and 30 per cent of 200-mesh material. Note 
bulging of specimens at left. After eleven cycles. 


day, then in a refrigerator at a temperature below freezing for one day, 
and then repeating. This test shows that the resistance to freezing and 
thawing depends upon the resistance to abs sorption. Therefore, factors 
such as amount of stabilizer and others which affect absorption also 
affect freezing and thawing. (See Fig. 9.) 
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(a) (b) 


Fic. 10. Specimens Arrer 18 Montus’ Exposure 


(a) 20 per cent 200-mesh material 
(b) 30 per cent 200-mesh material 


Each set represents three different amounts of stabilizer, 15, 20, and 30 per cent of 200-mesh 
material, from left to right. 


21. Various Emulsions—Specimens containing five different emul- 
sions completed from 2 to 18 cycles before becoming too soft to handle. 


22. Weathering Tests—The behavior of the stabilized soil bricks 
shown in Fig. 10 indicates that a stabilizer content of 15 per cent of 
the 200-mesh material is insufficient for stabilization, at least for this 
soil. Under normal conditions 20 per cent is sufficient for the majority 
of soils. (See also Fig. 11.) 


C. Shrinkage and Swelling 
23. Effect of 200-Mesh Content.—As the percentage of 200-mesh 
material increases, the shrinkage and swelling increase; this is shown 
in Fig. 12. If the 200-mesh content is below 30 per cent, shrinkage and 
swelling are negligible. (Swelling takes place after the specimen is 
dried and allowed to reabsorb water.) 


24. Effect of Stabilizer Content—As the percentage of stabilizer 
increases, the shrinkage increases and the swelling decreases; this is 
shown in Fig. 13. 


25. Effect of Temperature Change.—Expansion and contraction due 
to temperature change is very small for stabilized soil. Table 8 shows 
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CN | 


(b) 


Fig. 11. Resurrs or Exposure Tests on STABILIZED Bricks AND PAINTED SLAB 


(a) Exposure tests on stabilized bricks. 
(b) Seven months’ exposure of slab painted with aluminized asphalt paint. 


the effect over a range of temperatures from — 17 deg. F. to ++ 307 
deg F. The average change of length from 32 to 153 deg. F. is 0.005 
inches per foot. For 100 feet this would amount to 0.5 of an inch. 
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D. Abrasion 


Accelerated Test—One hundred brisk strokes of a steel wire 


brush has very little effect on well-stabilized specimens. Figure 14 
shows the effects on specimens containing 30, 15, and O per cent of 
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TABLE 8 ~~ 
EXPANSION AND ConTRACTION Dur TO TEMPERATURE 


Specimen prapeetd Change in Length per Foot 

No. ites in. 
Temperature, deg. F. 

+32 —17 +78 +153 + 307 

1 3.1089 —0.0108 0.0031 0.0031 0.0158 

2 3.2677 —0.0059 0.0048 0.0062 0.0165 

33 3.2128 —0.0056 0.0022 0.0071 0.0082 

4 3.2850 —0.0055 0.0044 0.0058 0.0073 

5 3.9176 —0.0028 0.0018 0.0049 0.0135 

6 3.3510 —0.0036 0.0000 0.0029 0.0118 


stabilizer. Specimens containing 30 per cent merely take a polish 
while unstabilized soil specimens will lose nearly one-quarter of an 
inch of material. 


IV. THerMo-Conpbuctiviry AND WaTER Vapor PERMEABILITY 


27. Comparison With Typical Walls—Using a conductivity of 
3.50* (expressed in B.t.u. per hr. per sq. ft. per in. thickness per deg. F. 
difference in temperature) the equivalent wall thickness of stabilized 
soil as compared with typical walls is shown in Table 9.7 


28. Comparison With Other Materials Comparing the conductiv- 
ity of stabilized soil with that of other materials shows that it is lower 
than that of light-weight concrete. Table 10 lists the conductivities of 
some of the common materials. 


29. Water Vapor Permeability —Tests by Dr. H. J. Barre on slabs 
furnished by the author give a water vapor permeability of 8.49 gm. 
per sq. ft. per day per lb. per sq. in. difference in pressure.t These 
specimens contained 25 per cent 200-mesh material and five per cent 
stabilizer. More stabilizer would lower the amount of vapor lost. 


V. Surrace TREATMENT 


30. Painting —Excellent results are obtained when an aluminized 
asphalt paint is used, as shown in Fig. 15. This may be applied as an 


*Tests were made by Dr. H. J. Barre, Agricultural Engineer, Iowa State College, Ames, Iowa. 
_ _tValues for typical walls and materials taken from ‘Heating, Ventilating, and Air Condi- 
tioning Guide,” 1938. 

tA description of the apparatus used and the procedure followed may be obtained from 
Bulletin 271, Agricultural Experiment Station, Iowa State College, Ames, Jowa. 
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Fig. 14. ABRASION SPECIMENS 


Abrasion from 100 strokes of steel wire brush. 
Specimens contain (left to right) 30, 15, 0 per cent of stabilizer (per cent of 200-mesh 
material). 


TABLE 9 
COMPARISON OF WALL CONDUCTIVITIES 


| Equivalent Thick- 
es . Rue Thickness ness of 
Typeset Construction | in, Stabilized Soil 
| in. 
Solid Brick (4 in. hard, remainder soft) 8 | 4 
| 12 | Ss 
16 10 
Hollow Tile (stucco exterior) 8 6 
10 6 
12 9 
16 12 
Concrete (monolithic) 6 2 
10 3 
16 o 
20 6 
Cinder Concrete (monolithic) 6 5 
10 ta) 
16 12 
20 16 
Haydite (monolithic) 6 5 
10 9 
16 15 
20 18 
5 Z ¥ = | 
Frame construction of | 
Wood siding 
1 in. wood sheathing 9 
2 in. x4 in. studding 
V4 in. plaster board 
16 in. plaster | 
Same frame construction as above, with rock wool fill | 26 
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TABLE 10 ‘. 
Conpuctivities (k) AND CONDUCTANCES (¢) OF 
BurtpiIng MaATErRiALs 


The coefficients are expressed in B.t.u. per hour per square foot per 
degree F. per one inch thickness 


Conductivity (4) 
Material or 
Conductance (c) 


StabilizedsSoul ccs. cent eae cece wiser cters 
Sand and Gravel Conérete (avi)io0n. 2. nee ce 
Cinder Woncreke (avis «ater ate omenen uae 
ELA yiite sae tics cosceds wears ieee austere stat candies ha hes 
Brick (Wow density hy ones cats cen wc oem noe ene: 
Brick (hishyolensity,) eer verve reunteermsbere esta 
Cement) mortars eer caso cere eon entitles 


a 
NONWRNW 
Oo 
jor) 


past 


undercoat or as a finish coat. Any alkaline base paint is also suitable. 
Slight discoloration may occur, however, if no undercoat of aluminum 
paint is apphed or some other treatment given. A cement wash made 
by mixing one sack of Medusa white cement with about six gallons of 
water may also be used. This is mixed to a creamy consistency and 
applied with a brush after the walls have been washed and brushed to 
remove all loose material. After application this coating is wetted 
several times daily for five or six days until fully set and hardened. 
The application is best made in damp weather. 

Red and black and combinations of the two can be obtained by 
mixing certain paint pigments with the stabilized soil. Persian Gulf 


Fig. 15. Corner Section or WALL 
Left side painted with aluminized asphalt paint 
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oxide (red) gives a pleasing shade when mixed in the proportion of 
about one part to 60 of stabilized soil, and carbon black gives a satis- 
factory shade when mixed one part to 300 parts of stabilized soil. It 
is not necessary to color the entire block; a thin layer on the outer 
edge is all that is needed. 


31. Waterproofing —lf stabilized soil walls are exposed to water 
for long periods, such as in a fruit storage cave, the walls should be 
waterproofed. This may be done with any of the materials commonly 
used, such as preparations of asphalt and tar. Hot paraffin can be 
applied also and is very satisfactory. It should be put on the blocks 
while they are hot; this may require the use of a blow torch. 


32. Plastering —Interior plastering ntay be done if it is desired. 
The blocks should not be smooth if plaster is applied directly to the 
wall. Hard plaster bonds very well to stabilized soil, but a scratch 
coat will pull loose after it absorbs moisture from the hard finish coat. 

Plastering is unnecessary for this type of construction, since painted 
interiors are very satisfactory. 


VI. Som ANALYSIS AND COMPUTATIONS 


33. Proportioning Soil, Sand, and Asphalt.—Steps for obtaining the 
correct proportions are as follows: 

(1) Select a representative sample of subsoil from the soil pit and 
dry it. 

(2) Weigh out 100 grams of dry soil. 

(3) Place the dry soil in a standard 200-mesh screen and run water 
through it until all of the 200-mesh material is washed out. The water 
will be clear when it is all out. 

(4) Weigh an evaporating dish. 

(5) Wash the material left on the screen into the evaporating 
dish and dry. 

(6) Weigh again after drying. The weight of the material retained 
on the sereen is found by subtracting the weight of the evaporating 
dish from the final weight. 

(7) The amount of 200-mesh material is found by subtracting the 
weight of the retained material from 100, or the original weight; for 
example: 

Weight of sample = 100 gm. 
Weight of evaporating dish = 300 gm. 
Weight of evaporating dish and retained soil = 340 gm. 
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Weight of soil retained on 200-mesh sieve = 340 — 300 = 40 gm. 
Weight of 200-mesh material = 100 — 40 = 60 gm. 
= 60 per cent 200-mesh. 

(8) Reduce the percentage of 200-mesh material to about 25 by 

adding sand; for example: 
x = grams of soil at 60 per cent 200-mesh 
100 — grams of soil desired at 25 per cent 
(x) (0.60) = (100) (0.25) 
x = 41.7 em. of soil required 
100 — 41.7 = 58.3 em. of sand required. 

(9) The amount of stabilizer is found by multiplying the amount 
of 200-mesh material in the final mix by the percentage of stabilizer 
desired; for example: 

Desired stabilizer content = 20 per cent of 200-mesh material 
Therefore, in 100 gm. of stabilized soil at 25 per cent 200-mesh 

there would be 25 gm. of 200-mesh, and multiplying, (25) x (0.20) 

= 5 per cent of stabilizer by weight. 


VII. ConstRUCTION 


34. Block Construction Specifications —Stabilized soil construction 
has followed the old style adobe construction of solid walls laid up by 
using large soil bricks. Considerable construction experience of a 
business concern manufacturing an asphaltic soil stabilizer has led 
this company to issue definite specifications for the manufacture of 
stabilized soil blocks using their stabilizer, and for construction. 

In general, the following suggestions should be observed: 


Materials 


The soil should be taken only from locations established after test- 
ing according to methods described in Chapter VI. 

Only a thoroughly tested stabilizer should be used. 

The water used in mixing should meet Public Health drinking 
water standards. 

The sand should be free from acids, alkalis, and soluble salts. 
Good concrete bank run gravel is very satisfactory. 


Equipment 
The casting bed should be a flat area of ground leveled and 
smoothed with fine earth or sand. This area should be large enough 


for several days’ runs, with space for bricks to dry before removal 
to piles. 
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Common sizes of blocks are B°X8"" 16" Bx 12018" 
or Inultioles of conor burned brick, 
such as 43°X128"% 163" 


Fig. 16. Forms Usep ror Moupine Srasiiizep Sort 


The molds must be made to conform to the size of the soil bricks. 
They may be made of metal, wood, or wood with metal linings, the 
latter being very satisfactory. Figure 16 shows a typical mold. These 
may have one or more compartments. 

The best types of mixers are pug mills or paddle mixers. All clods 
must be disintegrated and thoroughly mixed. Other mixers may be used 
if the soil is pre-wetted in the pile so that the clods are softened. 


Workmanship 


Mixing must be thorough, and the ingredients must be accurately 
proportioned. It is best to weigh the material first to determine the 
number of shovelsful of material to use, and to obtain the correct 
amount of stabilizer. Water should be added first, then soil, stabilizer, 
and the sand last. If a continuous type mixer is used, the water may 
contain the stabilizer. Mixing should continue until the asphalt is 
evenly distributed throughout the material and until all clods are 
broken and mixed. The mix should be only wet enough to be workable. 

For molding, burlap strips, corrugated cardboard, or absorbent 
paper should be spread on the casting bed, and the brick molds be 
placed thereon. Newspapers are not satisfactory because they stick 
to the brick and are hard to remove. The mix is placed in the molds 
and rammed well to fill the corners. Excess material is struck off with 
a shovel or straight edge, and the upper edge is smoothed off. The 
form is then lifted immediately. 

Curing requires several days. The bricks should not be moved 
until they have hardened sufficiently to handle. They are turned first 
on edge and allowed to dry from ten to thirty days, depending upon 
weather conditions. They may then be raked loosely in tiers until 
ready for use. The bricks should be dried until further loss of weight 
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Fic. 17. Prive or Srasinizep Som BLiocks 


in the drying test does not exceed four per cent of the final weight. 
Figure 17 shows a pile of stabilized soil blocks ready for use. 


Construction of Walls 


The footings should be of concrete, and concrete foundation walls 
should be carried about six inches above ground for large structures. 
If the soil blocks are waterproofed and are used in a well-drained 
location then they may extend below grade for inexpensive structures. 
A reinforced concrete footing should be used in either case to prevent 
uneven settling. The top of the foundation wall should be water- 
proofed to prevent capillary water from entering the soil blocks. 

Mortar used in laying up the blocks may be stabilized soil with the 
large material screened out of the aggregate, or a cement mortar con- 
sisting of 1 part cement, 24% parts concrete sand, and 1% gallons of 
stabilizer to each sack of cement. The soil mortar is satisfactory, but 
does not set as quickly as the cement mortar; however, the loss of heat 
through cement mortar joints is much greater. Both work equally 
well. Mortar joints are made about % inch thick, and all vertical 
joints should be rodded. 

Minimum design requirements for stabilized soil brick masonry are 
given in Fig. 18. | 

Sub-floors may be made by leveling below the floor grade, watering, 
compacting, and drying. Then sand is spread about four inches deep 
and soil bricks are laid and mortared. 
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Chimneys may be lined with stabilized soil blocks, but the blocks 
should not be exposed to the fire or to excessive heat. 

The thickness of the wall should be proportional to the height, and 
experience indicates the following proportions: 


ey 2 Wall Thickness of Wall Height of Wall Thickness of Wall 
ie i ft. i 


in. in. 

9 12 13 16 
10 13 14 18 
11 14 15 20 
12 15 16 22 


35. Rammed Construction—Another .type of construction which 
should receive some consideration is the rammed-earth type. The mix 
is rammed directly into the wall. A layer is rammed into the form, 
then the form is raised and another layer is rammed in. The amount 
of labor is reduced in this type of construction and there are no mortar 
joints. A dry mix is necessary and a set of movable forms must be 
used. Stabilized soil should work very well with this type of building. 
For details of this method of construction see Reference 20 in the 
Bibliography. 


36. Cost—There are no cost figures available for this type of con- 
struction in the Middle West. Information from other states indicates 
that the labor requirement for adobe brick is about 4% man-hour per 
cubie foot of completed wall. The cost of stabilized soil brick should 
be about the same, plus the cost of the stabilizer. The average amount 
of stabilizer required is five per cent of the mix when 25 per cent of 
the 200-mesh material is used, or about 6.5 Ibs. per cubic foot. Since 
the cost of the stabilizer depends upon the quantity purchased, the 
cost per cubic foot may run from 8 to 12 cents for the stabilizer. 

Stabilized soil construction is not a low-cost type of construction 
when labor is figured in the total. The first cost is about equal to that 
of cheaply constructed wood frame houses. It is a type of construction, 
however, which utilizes ordinary labor and local materials, and the 
cash outlay need not be great. 


VIII. OrHER USES OF STABILIZED SOIL 


37. Walks, Drives, Floors, Etc——Very satisfactory walks and 
drives can be made of stabilized soil. Cinders are sometimes used 
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Fig. 18. Minimum DesicN REequiREMENTS FoR STABILIZED Sort Brick MASoNRY 
(Courtesy American Bitumuls Co., San Francisco, California) 


instead of gravel in the soil mix. Thorough packing or rolling until the 
surface is hard gives the best results. If neither cinders nor soil are 
available dry finely-ground limestone may be used. This should con- 
tain from 20 to 30 per cent of 200-mesh material, and should not have 
been wetted and dried out before mixing with the stabilizer. The 
amount of stabilizer is figured in the same manner as with soil. 
Floors in buildings also may be made of stabilized soil. If a soft 
top is desired, a thin layer of stabilized soil with hardwood sawdust 


STABILIZED SOIL FOR BUILDING CONSTRUCTION ail 


mixed in may be placed on top. Such a floor may need patching 
occasionally, but could be used in many places. 

Ornamental flower boxes and many other things may be made if one 
has a thorough knowledge of the material, its advantages, and 
limitations. 


38. Erosion Control_Stabilized soil blocks could be used for small 
semi-permanent erosion control structures. If waterproofed and laid 
carefully they should be very satisfactory. Waterways and terrace 
outlets would apparently afford other uses of stabilized soil. Infor- 
mation respecting best construction practices is not available for 
erosion control work, and in the past asphalts of various kinds have 
been used with some failures. This is not at all surprising after a 
study of the various emulsions used in this investigation. It is believed, 
however, that if a good stabilizer is used in accordance with the results 
of this investigation many uses will be found for stabilized soil in 
erosion control work. 


APPENDIX A “ 


LABORATORY TESTS 


Stability Test —Resistance to displacement is the object of this test. 
Specimens are tested after they have completed the absorption test or 
have been in the capillary box for seven days. The apparatus shown 
in Fig. 19 consists of a 2144 ,¢-inch cylinder, in which the specimen is 
placed, with a tool steel orifice having an area of exactly one square 
inch in the bottom. This is placed on the stand and a two-inch plunger 
is used to apply the load to the specimen. The load is applied in a 
regular testing machine. 

To make the test the specimen is placed in the cylinder with the 
orifice plugged. A load of approximately 3000 pounds is applied to 
press the specimen into contact with the cylinder and the orifice plate. 
The load is then released and the plug removed. A mark is made on 
the plunger % inch above the top of the cylinder, and then the load is 
applied again at the rate of % inch per minute. The load on the beam 
when the %-inch mark is reached is the stability of the material. This 
load may run from 25 000 to 35 000 lb. on specimens prepared accord- 
ing to the results of this investigation. The stability in pounds per 
square inch is determined by dividing by 3.1416. For complete details 
see Reference 43. 


Fig. 19, Srasiniry Apparatus 
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(a) 


(b) 


Fic. 20. Aspsorption Box AND SPECIMEN 


F (a) Absorption box. 
(b) Specimen wrapped in cellophane ready for capillary absorption test. 


Compression Test—Specimens are prepared in the usual manner 
by capping the two ends parallel with plaster of Paris and loading in a 
testing machine. All compression tests in this investigation were made 
on cylinders two inches in diameter by four inches high. Four-inch 


cubes may also be used. 


Absorption Test—Specimens are dried to constant weight, cooled, 
and placed in an absorption box, as shown in Fig. 20a, which is en- 
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closed and contains a pan filled first with a layer of Ottawa sand and 
then a layer of diatomaceous earth covered with a photographic pure 
blotter, and with a water-feeding apparatus which keeps the water 
level exactly at the underside of the blotting paper. Before the speci- 
mens are placed in the box they are wrapped in cellophane except for 
the bottom to reduce evaporation, as shown in Fig. 20b. Another very 
satisfactory method is to cover the specimen with half of a paper milk 
container. Cylinders two inches in diameter and four inches high are 
used, and the difference in weight after seven days in the box is con- 
sidered the absorption of the specimen. 


Molding —Brass tubing two inches in diameter and five inches high 
is used to mold specimens four inches high. The mix is rammed in 
three successive layers by 25 strokes of a one-inch tamping rod for each 
layer. A large plunger slightly under two inches in diameter is then 
used to apply a load of about 3000 pounds on the specimen. The mold 
is inverted and the specimen is forced out immediately. 


Drying—Specimens may be placed in an oven at 140 deg. F. 
immediately and dried to constant weight. 


APPENDIX B 


BIBLIOGRAPHY 
No YEAR AUTHOR TITLE AND REFERENCE 

1 1931 C. H. Lee “Earth as a Basic Material of Construc- 
tion,’ Civil Engineering, v. 1, pp. 1015- 
1020. 

2 1922 H. O. Weller “Building in Cob and Pise de Terre.’ 
(His Majesty’s Stationery Office, London); 
Building Research Board, Dept. Scientific 
and Ind. Res. Special Report, v. 5, pp. 
1-40. 

3 1920 Ministry of “Manual for the Guidance of County 
Agriculture Councils and Their Architects in the 
and Fisheries Equipment of Small Holdings.’’ His Maj- 

esty’s Stationery Office, London, p. 47. 

5 1919 Wilhiams-Ellis “Cottage Building in Cob, Pise, Chalk and 
Clough Clay.”’ Country Life Press, London, p. 125. 

6 1939 L. T. Evans “Structural Adobe.’’ Eng. News Record, 

v. 122 (15), pp. 498-99. 
7 1936 H. C. Schwalen “Adobe Construction.”” Agr. Eng., Sept., 
(Discussion by pp. 387-89. 
J. D. Long) 
8 1929 F. B. Forbes “Harthquake Resisting Adobe Construc- 
tion.’’ Architect and Engineer, v. 99, pp. 
47-50. 

9 1934 “Adobe for Farm Buildings.’’ U.S.D.A. 
Farmers Bul. No. 1720. 

10 1925 J. D. Long “The Use of Earth for Wall Construction.” 
A.S.A.E. Journal, July 1925, p. 148. 

11 1928 J. D. Long “Progress in Earth Wall Construction.” 
A.S.A.E. Journal, June, p. 183. 

12 1932 Meulen D. Van Der| ‘Into Burning Hadramant.’ National 
Geographic, 62 (4), p. 3887-429. 

13 1940 John E. Iirkham “Development of Earth Building Blocks.”’ 
Bul. No. 46. Engr. Exp. Sta., Stillwater, 
Okla. 

14 1936 R. L. Patty “Specifications for Rammed Earth Con- 
struction.” A.S.A.E. Journal, v. 17, No. 11. 

15 1937 M. C. Betts “Rammed Harth Walls for Buildings.” 
U.S.D.A. Farmers Bul. No. 1500. 

16 1927 Kk. J. Ellington “Rammed WHarth for Farm Buildings.” 
A.S.A.E. Journal, p. 172. 

il 1924 E. W. Coffin “Rammed Harth Houses.’’ Country Gen- 
tlemen, June, p. 14. 

18 1936 R. L. Patty “The Relation of Colloids in Soil to Its 


Favorable Use in Pise or Rammed Earth 
Walls.” Bul. 298, Agr. Exp. Sta. South 
Dakota State College, Brookings. 


30 


36 ILLINOIS ENGINEERING EXPERIMENT STATION 
No. | YEAR AUTHOR Tirtp AND REFERENCE 
19 1938 “Experiments in Rammed Earth Con- 
struction by Farm Security Admuinistra- 
tion.” U.S.D.A. Mimeo. 
20 1938 R. L. Patty “Rammed Earth Walls for Farm Build- 
ings.” Bul. 277, Agr. Exp. Sta. South 
Dakota State College. 
21 1927 C. H. Vivian “Homes of Rammed Earth.’’ Compressed 
Air Magazine, v. 32, pp. 1945-48. 
22 1940 R: Li. Patty “Paints and Plasters for Rammed Earth 
Walls.” Bul. 336, Agr. Exp. Sta. South 
Dakota State College. 
23 1936 R. L. Patty “Age-Strength Relationship for Rammed 
Earth.” Eng. News Record, v. 117 (2), 
p. 44. 
24 C. L. McKesson “Modern Paving Emulsions, Characteris- 
tics and Test Methods.”’ Am. Bit. Co. 
25 1932 Prevost Hubbard “Cut Back Asphalts.’’ Papers Presented at 
10th Annual Asphalt Paving Conference. 
26 1932 W. H. Foushee, Jr. “Asphalt Priming Material, Character and 
Use.” Papers Presented at 10th Annual 
Asphalt Paving Conference. 
27 1932 W. L. Hudson “Penetration Emulsions for Paving.” Spe- 
cial problem under J. S. Crandell, June. 
28 C. H. Thomas “Emulsified Asphalt.’”’ Reprint by Am. 
Bit. Co. 
29 1936 C. A. Hogentogler “Stabilized Soil Roads.” Dept. Public 
and A. E. Willis Roads, v. 17—May, pp. 45-65. 
30 1936 “Stabilized Road Construction and Mainte- 
nance.”’ Ohio Soe. of Prof. Engrs., Feb. 12. 
31 1937 C. A. Hogentogler, “Engineering Properties of Soils.” Mc- 
Sr. and Jr. Graw Hill Pub. Co. 
32 1935 W. H. Mills, Jr. =| ‘Road Stabilization.”” Engineering News 
Record, Nov. 28. 
33 1937 “Water Control and Erosion Prevention 
. Using Asphalt.’’ Papers Presented before 
11th Nat. Asphalt Conf., Asphalt Insti- 
tute, Construction Series No. 43. 
34 1938 H. F. Winterkorn “Affinity of Hydroph Aggregate for As- 
phaltic Bitumen.” Ind. and Eng. Chem., 
| No. 12. 
35 1936 Ix. Endell and “The Chemical Nature of Clays.” Proc. 
U. Hoffman Int. Conf. Soil Mech., v. 1, pp. 51-54. 
36 1936 KX. Endell and 


U. Hoffman 


“Electrochemical Hardening of Clay Soils.” 
Proc. Int. Conf. Soil Mech., v. 1, pp. 
273-275. 


STABILIZED SOIL FOR BUILDING CONSTRUCTION Oil 


YEAR 


AUTHOR 


TITLE AND REFERENCE 


38 


39 


40 


41 


42 


43 


44 


45 


46 


49 


1936 


1936 


1935 


1936 


1937 


1938 


1935 


1937 


1938 


June 
1938- 
Jan. 
1939 


1932 


1938 


1938 


1927 


1941 


G. E. Ekblaw and 
R. E. Grim 


H. F. Winterkorn 


H. F. Winterkorn 


P. L. Pfeiffer 


R. M. Morton 


C. L. Melxesson 


W.S. Housel 


C. A. Hogentogler 
and A. E. Willis 


A. R. Smith 


A. W. Mohr 


Highway Research 
Board 


Ix. B. Woods and 
R. R. Litchiser 


C. W. Botkins 


H. R. Chapin 


“Some Geological Relations Between the 
Constitution of Soil Materials and High- 
way Construction.” Ill. State Geol. Survey. 


“Surface-Chemical Factors Influencing the 
Engineering Properties of Soils.’’? Proc. 
16th Annual Meeting Highway Res. Bd., 
v. 16, pp. 2938-301. 


“Adsorption Phenomena in Relation to 
Soil Stabilization.” Proc. 15th Annual 
Meeting Highway Res. Bd., v. 15, pp. 
343-355. 


“A New Method of Impermeabilizing and 
Improving the Physical Properties of Per- 
vious Subsoils by Injecting Bituminous 
Emulsions.’ Proc. Int. Conf. Soil Mech., 
v. 1, pp. 263-266. 


“Soil Stabilization with Asphalt.’’ Papers 
Presented before 11th Nat. Asphalt Conf. 
Construction Series No. 40, Asphalt Inst. 


“Soil Stabilization With Emulsified As- 
phalt.” Agr. Eng., v. 19, No. 11, p. 475. 


“Soil Stabilization With Emulsified As- 
phalt.’’ Reprint of 15th Annual Meeting— 
Highway Res. Bd. 


“Principles of Soil Stabilization.” Civil 
Engineering, May. 


“Wssential Considerations in the Stabiliza- 
tion of Soil.” Proc. A.S.C.E., v. 103, June, 
pp. 1163-80. 


“The ABC’s of Soil Stabilization.” Re- 
print from The Earth Mover and Road 
Builder, Burton Pub. Co. 


“Small Material Has a Decided Dehydra- 
tion Effect on Emulsion.” Ill. Engineers, 
Feb. 


“Soil Mechanics and Soil Stabilization.”’ 
Proc. 18th Annual Meeting Highway Res. 
Bd., p. 4383. 


“Soil Mechanics Applied to Highway Engi- 
neering in Ohio.”’ Bul. 99, Eng. Exp. Sta., 
Ohio State Univ. 


“The Influence of Flocculation on the Com- 
pressive Strength of Gela Clay Loam. 
Agr. Engr., v. 8 (9), p. 252. 


“How to Sling Mud—Constructively; We 
Build Adobe House With Our Own Hands.”’ 
Better Homes and Gardens, v. 19, No. 5, 
p. 14. 


RECENT PUBLICATIONS OF 
THE ENGINEERING EXPERIMENT STATIONt 


Bulletin No. 801. The Friction of Railway Brake Shoes at High Speeds and High 
Pressure, by Herman J. Schrader. 1938. Sixty cents. 

Bulletin No, 302. Fatigue Tests of Riveted Joints, by Wilbur M. Wilson and 
Frank P. Thomas. 1938. One dollar. 

Circular No. 32. Two Investigations on Transit Instruments, by William H. 
Rayner. 1938. Twenty-five cents. 

Circular No. 33. Papers Presented at the Twenty-fifth Annual Conference on 
Highway Engineering, Held at the University of Illinois, March 2-4, 1938. 1938. 
None available. 

Bulletin No. 303. Solutions for Certain Rectangular Slabs Continuous Over 
Flexible Supports, by Vernon P. Jensen. 1938. One dollar. 

Bulletin No. 304. A Distribution Procedure for the Analysis of Slabs Continuous 
Over Flexible Beams, by Nathan M. Newmark. 1938. One dollar. 

Circular No. 34. The Chemical Engineering Unit Process—Oxidation, by 
Donald B. Keyes. 1938. Fifty cents. 

Circular No. 35. Factors Involved in Plate Efficiencies for Fractionating 
Columns, by Donald B. Keyes. 1938. Twenty cents. 

Bulletin No. 305. Summer Cooling in the Warm-Air Heating Research Resi- 
dence with Cold Water, by Alonzo P. Kratz, Seichi Konzo, Maurice K. Fahnestock 
and Edwin L. Broderick. 1938. Ninety cents. = 

Bulletin No. 806. Investigation of Creep and Fracture of Lead and Lead Alloys 
for Cable Sheathing, by Herbert F. Moore, Bernard B. Betty, and Curtis W. Dollins. 
1938. One dollar. 

Reprint No. 12. Fourth Progress Report of the Joint Investigation of Fissures 
in Railroad Rails, by H. F. Moore. 1938. None available. 

Bulletin No. 307. An Investigation of Rigid Frame Bridges: Part I, Tests of 
Reinforced Concrete Knee Frames and Bakelite Models, by Frank E. Richart, 
Thomas J. Dolan, and Tilford A. Olsen. 1938. Fifty cents. 

Bulletin No. 308. An Investigation of Rigid Frame Bridges: Part II, Labora- 
tory Tests of Reinforced Concrete Rigid Frame Bridges, by W. M. Wilson, R. W. 
Kluge, and J. V. Coombe. 1938. Highty-five cents. 

Bulletin No. 309. The Effects of Errors or Variations in the Arbitrary Con- 
stants of Simultaneous Equations, by George H. Dell. 1938. Sixty cents. 

Bulletin No. 310. Fatigue Tests of Butt Welds in Structural Steel Plates, by 
W. M. Wilson and A. B. Wilder. 1939. Siaty-five cents. 

Bulletin No. 311. The Surface Tensions of Molten Glass, by Cullen W. 
Parmelee, Kenneth C. Lyon, and Cameron G. Harman. 1939. Fifty-five cents. 

Bulletin No. 312. An Investigation of Wrought Steel Railway Car Wheels: 
Part I, Tests of Strength Properties of Wrought Steel Car Wheels, by Thomas J. 
Dolan and Rex L. Brown. 1939. Seventy cents. 

Circular No. 36. A Survey of Sulphur Dioxide Pollution in Chicago and 
Vicinity, by Alamjit D. Singh. 1939. Forty cents. ; 

Circular No. 37. Papers Presented at the Second Conference on Air Condition- 
ing, Held at the University of Illinois, March 8-9, 1939. 1939. Fifty cents. 

Circular No. 88. Papers Presented at the Twenty-sixth Annual Conference on 
Highway Engineering, Held at the University of Illinois, March 1-3, 1939. 1939. 
Fifty cents. : ‘ 

* Bulletin No. 313. Tests of Plaster-Model Slabs Subjected to Concentrated 
Loads, by Nathan M. Newmark and Henry A. Lepper, Jr. 1939. Sixty cents. 

Bulletin No. 314. Tests of Reinforced Concrete Slabs Subjected to Concen- 
trated Loads, by Frank E. Richart and Ralph W. Kluge. 1939. Highty cents. 

Bulletin No. 315. Moments in Simple Span Bridge Slabs with Stiffened Edges, 
by Vernon P. Jensen. 1939. One dollar. : ay: 

Bulletin No. 316. The Effect of Range of Stress on the Torsional Fatigue 
Strength of Steel, by James O. Smith. 1939. Forty-five cents. ; % 

Bulletin No. 317. Fatigue Tests of Connection Angles, by Wilbur M. Wilson 
and John V. Coombe. 1939. Thirty-five cents. 


+Copies of the complete list of publications can be obtained without charge by addressing the 
Engineering Experiment Station, Urbana, Ill. 
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Reprint No. 13. First Progress Report of the Joint Investigation of Continuous 
Welded Rail, by H. F. Moore. 1939. Fifteen cents. tart ; ; 

Reprint No. 14. Fifth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails, by H. F. Moore. 1939. Fifteen cents. : ie 

Circular No. 39. Papers Presented at the Fifth Short Course in Coal Utiliza- 
tion, Held at the University of Illinois, May 23-25, 1939. 1939. Fifty cents. 

Reprint No. 15. Stress, Strain, and Structural Damage, by H. F. Moore. 
1940. None Available. : } 

Bulletin No. 318. Investigation of Oil-fired Forced-Air Furnace Systems in 
the Research Residence, by A. P. Kratz and 8. Konzo. 1939. Ninety cents. 

Bulletin No. 319. laminar Flow of Sludges in Pipes with Special Reference to 
Sewage Sludge, by Harold E. Babbitt and David H. Caldwell. 1939. Sixty-five cents. 

Bulletin No. 320. The Hardenability of Carburizing Steels, by Walter H. 
Bruckner. 1939. Seventy cents. 

Bulletin No. 321. Summer Cooling in the Research Residence with a Con- 
densing Unit Operated at Two Capacities, by A. P. Kratz, 8. Konzo, M. K. Fahne- 
stock, and E. L. Broderick. 1940. Seventy cents. 

Circular No. 40. German-English Glossary for Civil Engineering, by A. A. 
Brielmaier. 1940. Fifty cents. 

Bulletin No. 822. An Investigation of Rigid Frame Bridges: Part III, Tests 
of Structural Hinges of Reinforced Conerete, by Ralph W. Kluge. 1940. Forty cents. 

Circular No. 41. Papers Presented at the Twenty-seventh Annual Conference 
on Highway Engineering, Held at the University of Illinois, March 6-8, 1940. 1940. 
Fifty cents. 

Reprint No. 16. Sixth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails, by H. F. Moore. 1940. Fifteen cents. 

Reprint No. 17. Second Progress Report of the Joint Investigation of Con- 
tinuous Welded Rail, by H. F. Moore, H. R. Thomas, and R. E. Cramer. 1940. 
Fifteen cents. 

Reprint No. 18. English Engineering Units and Their Dimensions, by E. W. 
Comings. 1940. Fifteen cents. 

Reprint No. 19. Electro-organic Chemical Preparations, Part II, by Sherlock 
Swann, Jr. 1940. Thirty cents. 

Reprint No. 20. New Trends in Boiler Feed Water Treatment, by F. G. Straub. 
1940. Fifteen cents. 

Bulletin No. 323. Turbulent Flow of Sludges in Pipes, by H. E. Babbitt and 
D. H. Caldwell. 1940. Forty-five cents. 

Bulletin No. 324. The Recovery of Sulphur Dioxide from Dilute Waste Gases 
by Chemical Regeneration of the Absorbent, by H. F. Johnstone and A. D. Singh. 
1940. One dollar. 

Bulletin No. 525. Photoelectric Sensitization of Alkali Surfaces by Means of 
Electric Discharges in Water Vapor, by J. T. Tykociner, Jacob Kunz, and L. P. 
Garner. 1940. Forty cents. 

Bulletin No. 326. An Analytical and Experimental Study of the Hydraulic 
Ram, by W. M. Lansford and W. G. Dugan. 1940. Seventy cents. 

_ Bulletin No. 327. Fatigue Tests of Welded Joints in Structural Steel Plates, by 
W. M. Wilson, W. H. Bruckner, J. V. Coombe, and R. A. Wilde. 1941. One dollar. 
_ Bulletin No. 328. A Study of the Plate Factors in the Fractional Distilla- 
tion of the Ethyl Alcohol-Water System, by D. B. Keyes and L. Byman. 1941. 
Seventy cents. 

*Bulletin No. 329. A Study of the Collapsing Pressure of Thin-Walled Cylinders, 
by R. G. Sturm. 1941. Highty cents. 

*Bulletin No. 330. Heat Transfer to Clouds of Falling Particles, by, Heh: 
ee ote ve Eee J. H. Chapin. 1941. Seventy cents. 

ulletin No. 331. ests of Cylindrical Shells 1, M. Wi 5 1D¥ 
Olson. 1941. One dollar. ’ eg Ce ay 
_ _ Reprint No. 21. Seventh Progress Report of the Joint Investigation of Fissures 
in Railroad Rails, by H. F. Moore. 1941. Fifteen cents. 

a *Bulletin No. 332. Analyses of Skew Slabs, by Vernon P. Jensen. 1941. One 
ollar. 
*Bulletin No. 333. The Suitability of Stabilized Soi P ildi structi 
Ge Be Uatiatien, 104k. Foriyicee ea bilized Soil for Building Construction, 


*A limited number of copies of bulletins starred are available for free distribution. 
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Colleges and Schools at Urbana 


COLLEGE OF LirperaL Arts AND Scrences.—General curriculum with majors in the hu- 

Ng manities and sciences; a new general curriculum with fields of concentration in 
mathematics and physical science, biological science, social science, and the humani- 
ties; specialized curricula in chemistry and chemical engineering; general courses 
preparatory to the study of law and journalism; pre-professional training in medi- 
cine and dentistry; curriculum in social administration. 

COLLEGE OF COMMERCE AND BusINESS ADMINISTRATION.—Fields of concentration in 
accountancy, banking and finance, commerce and law, commercial teaching, eco- 
nomics, industrial administration, management, marketing, and public affairs. 

_/ COLLEGE OF ENGINEERING:—Curricula in agricultural engineering, ceramics, ceramic en- 

gineering, chemical engineering, civil engineering, electrical engineering, engineer- 
/ing physics, general engineering, mechanical engineering, metallurgical engineering, 
and mining engineering. 

CoLLEGE oF AGRICULTURE—Curricula in agriculture, dairy technology, floriculture, gen- 
eral home economics, nutrition and dietetics, and vocational agriculture; pre-profes- 

‘ sional training in forestry. 


_CoLLece or Epucation.—Curricula in education, a®ricultural education, home econom- 
ics education, and industrial education. The University High School is the practice 
school of the College of Education. 


CoLLecE oF Fine anp Appiiep Arts.—Curricula in architecture, art, landscape architec- 
ture, music, and music education. 


CoLLEGE oF Law.—Professional curriculum in law. 

ScHooL oF JouRNALISM.—General and special curricula in journalism. 

ScHooL, oF PHysicaL Epucation.—Curricula in physical education for men and for 
women. 

Liprary ScHoot.—Curriculum in library science. 

GRADUATE ScHOoL.—Advanced study and research. 


Summer Session—Courses for undergraduate and graduate students. 


University Extension Division.—Courses taught by correspondence, extramural courses, 
science aids service, speech aids service, and visual aids service. 


Colleges in Chicago 
CoLLece or Dentistry.—Professional curriculum in dentistry. 
CoLLecE or MepictneE.—Professional curriculum in medicine. 
CoLLEGE oF PHARMaACcY.—Professional curriculum in pharmacy. 


University Experiment Stations, and Research and 
Service Organizations at Urbana 


AGRICULTURAL EXPERIMENT STATION Bureau oF ComMMUNITY PLANNING 
ENGINEERING EXPERIMENT STATION BurEAU OF EDUCATIONAL RESEARCH 
EXTENSION SERVICE IN AGRICULTURE BUREAU OF INSTITUTIONAL RESEARCH 
AND Home Economics Rapro STATION (WILL) 
Bureau or EconoMIC AND BUSINESS University oF ILLttnots Press 
RESEARCH 
State Scientific Surveys and Other Divisions at Urbana 
STATE GEOLOGICAL SURVEY STATE Dracnostic LAsoratory (for 
State Natura History SURVEY Animal Pathology) 
StaTE WATER SURVEY U. S. SoyvBean Propucts LABORATORY 


For general catalog of the University, special circulars, and other information, address 
Tue REGISTRAR, UNIVERSITY OF ILLINOIS 
Urspana, ILLINOIS 
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